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THE SCATTERING OF GAMMA RAYS IN AN EXPONENTIAL ATMOSPHERE

E. D. Cashwell, Conrad Longmire,and J. R. Neergaard

ABSTRACT

In studying the electromegnetic signal from the explosion of a
nuclear device at high altitudes, a problem of importence is
the determination of the time dependence of a gamme-ray pulse
as 1t undergoes Compton scattering in the earth's atmosphere.
This report gives the results of Monte Carlo calculations de~

signed to study this problem.

I. Description of Problem.
In connection with the electromagnetic pulse
produced by a high~altitude nuclear burst, it is

‘of interest to determine the time-smearing of a

gamma-ray pulse as it enters the atmosphere and
undergoes Compton scattering. This report gives
the results of Monte Carlo calculations for gamma
rays with energies 0.5, 1.5, and 5.0 MeV which en-
ter the atmosphere in the downward vertical direc=-
tion, Only those photons which never fall more
than 3.2 usec tehind the incident beam are con-
sidered., Since this restriction rules out photons
which, as a result of scattering, are displaced
very fer laterally, approximate results for other
than vertical angles of entry can be obtained by
simple sceling, as will be described below.

In these calculations it was assumed that the
density of electrons is given as a function of al-
titude by

N(z) = No e-z/h »

where
N, = 1.0 X 10%° electrons/cc

h = 6.7 kilometers.
The point z = O corresponds to an altitude of ap-
proximately 10 ¥Km above see level; gammas were nob
carried below this altitude. The beam was started
at z = 40 km, which corresponds to a true altitude

of about 50 km; there is less than 0.1 scattering
mean free path above this altitude for even the
lowest gamma energy considered.

The calculations were performed using the gen~
eral Monte Carlo photon code. The latter is a gen-
eral geometry program with the Klein-Nishina scat-
tering distribution for Compton collisions built in
as a8 permenent feature. A wide variety of informa-
tion is availasble as standard output, some of which
we mention below.

The flow of gamuas downward across the surface
is given at each of the infinite planes z = O, U,
8, 12, 16, 20, 2k, 28, 32, and 36 km (the upward
flows were found to be of negligible importance).
At each plane, the flow per source particle is
given as & function of energy, angle, and retarded
time. The latter quantity denotes the time lag of
the incident gemma ray behind the direct beam. The
angular bins and the (retarded) time bins do not
very with source energy and are as follows:

Angle bins (cos 4, where 4 is the angle with the
normal to the plane)
1.0-0.9, 0.9-0.75, 0.75-0.6, 0.6-0.,
Retarded time bins:
0~0.,01, 0.01-5, 5-10, 10-20, 20-40, 40-80,
80-160, 160-320 shakes.

The energy bins for each source are as follows:



Energy bins for 5.0 Mev source:

0.l-1, 1-2, 2-3, 3«4, 45 MeV.
Energy bins for 1.5 MeV source:

0¢1=0.3, 0.3~0.6, 0.6-0.9, 0.,9-1.2, 1.2=1.5 MeV.
Energy bins for 0.5 MeV source:

0.1-0.2, 0.2-0.3, 0.3=0.4, 0.4-0,5 MeV.

We present below a table of the Compton scat-
tering cross sections used, which were taken from
National Bureau of Standards Circular 542, "Graphs
of the Compton Energy-Angle Relationship and the
Klein-Nishina Formule from 10 KeV to 500 MeV." Ab-
sorption of gamma rays is ignored in these calcula-

tions.
Compton Cross Sections
E (MeV) g o E (Mev) o SomP
- (Barns/electron) (Barns/electron)
0.10 0.9 0.90 0.22
0.15 0.l 1.0 0.21
0.20 0.40 1.5 0.17
0.25 0.375 2.0 0.145
0.30 0.35 2,5 0.128
0.35 0.33% 3.0 0.11%
0.ko 0.315 3.5 0.104
0.50 0.29 4.0 0.095
0.60 0.265 5.0 0.083
0.70 0.247 6.0 0.073
0.80 0.233

The results of the Monte Carlo calculetion are
given in Tables III, IV, and V., Here the surface
numbers 2, 3, e+, 11 correspond to planes at
z = 36, 32, -+, O km, respectively (or to true
altitudes of 46, 42, «+., 10 km, with the source
beam originating et SO km above ses level). A num=
ber written in the form 3.96'1‘ means 3.96 X 10'1*.
Also, the integer which appears below such & number
refers to the rounded statistical error in the num-
ber above it. For example, the first entry in the
sample matrix on page 27 states that 3.96 x 10’1*
gammas per starting 5.0 MeV gamma crossed surface
2 downward with energy between 4.0 and 5.0 Mev,
with cos &8 between 1.0 and 0.9 (8 is the angle with
the normal to the plnne) , and with a retarded time
between 10 and 20 shekes. The integer 20 gives the
statistical error in the number 3.96 x 10"]* as 20%.
The interpretation of this is that (.2)x(3.96x10'l‘)
is the standard deviation of the mean. In other
words, for each entry in the matrix, there is ap-

proximately & 68% chance that the entry is correct.
to within the error quoted (in this case, 20%).

IT. Scaling to other Entry Angles.
To scale to other angles of entry, we make the

following argument. Let ¢ be the angle of entry of
the gamma ray beam, measured from the vertical.
The mass of air above an altitude z, for vertical
entry, is

m(z) = Ae-z/h,
where A is a constant, and the mass penetrated by
gammas entering at angle ¢, at altitude z', is

A -z’/h
cos ¢ *

m(z’) =

These two messes are equal when z’ 18 higher than
¢z by an amount

z’-z = h 4n (Eai—q’-).
Ignoring the effect of leteral spreading of the
beam, the same number and types of collisions will
have occurred when the beam has passed through the
same mass of air. However, since the effective
scale height seen by obliquely entering gammas is

h/cos ¢, mean free paths will be longer by & factor
a—;i——qs- , and the retarded time at which the same
number and types of collisions will have occurred

1
cos ¢

will be proportional to

Table I gives the approximate true altitudes
at the various surfaces as a function of entry
angle ¢, and Table II gives the equivalent retarded
times corresponding to the time boxes used in the
Monte Carlo calculation.

IITI. Reduction of Monte Carlo Datea.

In order to reduce the rather voluminous Monte

Carlo date in a way of significance for EMP appli~
cations, we have summed the Monte Carlo data in the
following way. For a given incident gamma energy,
given surface, and given time bin, we have surmed
over angular and energy bins with a weighting fac-
tor such that the result is proportional to the
total forwerd Compton electron charge displacement
that would result. The weighting factor used was
w(E,8) = cos 8 -1;{-% ,
where

o8

£(E) =
1+0,88E+0 .265:-:2 !




E is the gamma energy in Mev, and Eo 1s the incident ACKNOWLEDGMENT
gamma energy. The function f(E) is a fit to the

product of total Compton cross section and the mean
forward range of the Compton electron produced by a

The authors are deeply indebted to Lena Furrh
for the meticulous care she displayed in tabulating

the data in this report from the machine listings.
gamma of energy E. The values of E and cos § used

in the weighted sum were the values at the centers
of the bins, except that for the unscattered gammas
(st = 0), E = E, and cos § = 1 were used, so that
the weight factor was unity.

The weightied sums are given in Tebles VI, VII,
and VIIT,

TABLE I
Altitudes of Surfaces as Function of Entry Angle ¢
Altitudes in kilometers

s g (vert?cal) 30° 60° 75°

1 50 51 " 55 59

2 L6 b7 51 55

3 42 43 b7 51

L 38 39 LX) k7

5 3 35 39 43

6 30 31 35 39

T 26 27 31 35

8 22 23 27 31

9 18 19 23 27

10 14 15 19 23

1 10 1 15 19

TABLE II
Retarded Times as Function of Entry Angle ¢
Times in shakes

] Retarded Times

0 0| 5 10 20 ko 80 160 320
30° | 0]5.78 |11.55|23.1 | 46.2 | 2.k | 185 | 369
60° | o]0 20 | 40 | 8 J120 | 320 | ého
75° | 0 [19.3 [38.6 |T7.3|155 |309 | 618 | 1236




TABLE IIT
Monte Carlo Data for 0.5 MeV Gammas

SAMPLE MATRIX WITH ROWS AND COLUMNS LABELED
FOR E, =05 MeV

(ENTRIES IN MATRIX ARE NO. GAMMAS PER SOURCE PARTICLE)
SURFACE NO. = 2

At = 5 - 10 SHAKES

Cosf| 10 -09 0.9-075 075-06 06-0
E
-4 -4
0.4 -05 Mev| S-8! .42
¥ 21
- 2.58~5 [.2975
0.3 - 0.4 50 =
0.2 - 0.3
0.1 -02




TABLE ITT (continued)

Eo * 002 Mev

SURFACE No. = ...2.._
81:=0 At = 0¢ -5 SHAKES
— .
9.59 1,18~ | 1.10°¢ | 1.29°S
<-1 =7 24 i
7.10°3 | 6.46°S
30
1.29°3
71
At=5-10 At = 10~ 20
5.61-%] 1.427% 1.03-° | 3.87*
1 21 "8 13
2,58-S 1.29~5 1.10°* | 5.1675
0 vak o 35
1.29°S
el
At = 20 - 40 At = 40 -80
1377 T.29°% | 1.29°5 123 | 125> | 6,465
7 9 71 7 1 100
1.9 % | 8,39°S 6.46"8 3,034 | 2.,3274
18 28 100 15 17
3.23°°
45
6.“‘6“
100
At = 80 - 160 At = 160 ~ 320
5.81°%| 2.0373 | 3.237° 1.837° | h4.5e-%
u 6 T 45 6 38
6.46"% 1 T.047% | 4,004 6.46°% | 1.297% | 1.137° | 7.55°4
100 10 13 100 1A 8 o]
6.46"%| 6.46°% 8,39°5 1.29°% | 6.46-% | 6.46°% | 1.817¢
100 100 28 7 100 100 19
6.46°8 R e : 148
100 100. 58




£ T =05~ MeV
SURFACE No. = __.<

TABLE IIT (continued)

Atz 0 _At = 0+ -5 SHAKES
8.91m 2,033 | 2,654 1.%4-5
<1 a8 16 58
1.2974| 3.23-S
22 45
At25~10 At = 10-20
1343 3.,107%| 6.467° 1.2 | 6,137% | 1.9%°°
7 s 100. 6. 10 58
6.467° 7.75°5 | 3.87°S 1,29°5 1.48°% | 1.,0574
100 29 ['5% T 21 25
1.29°% 6.46"8
73 200.
At = 20 - 40 At = 40 ~ 80
2,637 L.47°) 2,58°S 3.15° | 2,158 | s5.8175 ) 6,467C
5 8 50 5 5 33 100
6.46"8] 1.297S| 3.167% | 1.617¢ 3.2375 | 3,2375 | s5.674 | 3.367¢
100 73 I 20 45 45 1 14
3,875 6.46"%| T.107%
k] 100. }’.‘
At = 80 - 160 At = 160 - 320
3.055| 3.653 T.75°° 1.09°° | 5.20°° | 1.36 4
5 & T 29 8 4 o0
3.375| 4,575 | 21,0973 | 7.827¢ 45278 | T.757% | 2,253 | 1,428
45 =8 8 9__ ‘ 29 5 7
6.46"5] 1,29°% | 1,295 | 1.55 ¢ 2.58" 3.87°5 | 5.6 ° | 2,90%
100 1 71 20 50 41 35 15
6.46"%| 6.467° 6468 | 6,468 6.46-%
100 100 100 100, 100




0.5

Ey % cccaea Mev

TABLE IIT (continued)

SURFACE No. s ___%___

At=0

At = O¢ -8

SHAKES
7.791 | 1.29~° 334 [4.20-% | 1.29°°
<1 T1 L 12 71
6.46=% 1.6174 | 7.10°%
100 20 3Q
1.29-°>
71
Atz 8-10 At = 10-20
2,217 | 4,587¢ | 1.29"S 3.0 19.107¢ | 1,94°S
L5, 13 7 L 8
7.,10°5 | 2,58"5 6.46"6 1.87-4 | 1.6174
30 0 100 19 20
- * 2.%-
50
At s 20 - 40 At = 40 - 80
4,602 | 1.75= | 2.56-5 5.60 5 [3.56= | 5.81°°
4 6 50 3 4 33
3.2375 [ 2.5875 | 4.78"4 | 3.36°* 3,875 J1.9475 | 9.9%"% | 6.52-*
45 50 12 15 4] 10
6.46°% 1 1.295 | 1.29°5 | 5.81°5 6.46"% |6.46° 6.46 1424
100 71 71 33 100 100 100 21
6.46°% |6.4678
100 100
At =80 -160 At = 160 - 320
5.5 2 [ 5.65° | 1.10-* 3.9~ [B8.06° |2.35°%
3 3 24 4 3 16
8.39°5 1 7.75° | 1.77° | 1.6 2,39°¢ |a,50"* | 3,267 | 2.417°
28 29 _ [} 1 4 b
2.56"5 | 3,23°5 | 3,23°5 | 2,71-% 7,105 |6. 7.10~° | 4.97-%
50 45 . 45 15 30 32 30 n -
6.467° 6.46°% | 19475 5,165 |5.81°5 | 3,23°5 | 3.23°%
100 100 C:) 35 33 49 49




10

Eq = -=2:2 Mev

TABLE III (continued)

SURFACE No. = —_.2_ ..
At=0 Atz 0+ -5 SHAKES
6.097 I4,55™3 5.68"%| 6.46°¢
| iy 11 100
1.81~¢| 1.36-4
19 22
Atz 510 At = 10 - 20
3.21-%| 6.,58"¢}| 1,295 4,85~ 14672 1.9473
m LT 74 N 7 58;
a.%-‘- 9.68°5 u.sg-s 3.!&;2‘" 2.%"'
26 3 1
6.46-8 6.6 T | 1.25°° T.4S
100 100 TL
6.46-°
- 100
At = 20 - 40 At = 40-80 °
6.76| 2,543 5.1675 | 6.46-C 8.89-2 4,80"3( 7.1075| 1.29°S
} 5 3: 100 3 L m_ 71
8.39°5| 1.29°5| 5.68~4 | 4.9774 9.04~5 8.3{95‘5 1.2_5 3 9.38"
7 11 ik 2!
1.29-5| 1.9%"S 6.46-° | 3.57-5 1.94-5] 3.25-°| 1.9 %
71 58 32 31 53 45 18
6.:6-%| 6.46~¢ 1.29-5 1.26°5| 6.46 °
100 100 71 1 100
At = 80 - 160 At = 160 - 320
.9.24=5] 8,26 | 2,00 % | 6,465 ] 6.42-5 1.15°%] 2.97°%] 6.46°C
3 3 18 100 3 2 15 100
2.,52-% 3,87¢! 2.657° | 1.73"° 4,84~¢ 5.6874 4,453 | 3,227
15 15 5 6 : 12 11 L
9.687%| 7.75°5| T.10°5 | 433 % | 1.94°% | 2.76-%] 2.13°% | 1.05- |
26 29 30 12 18 15 17 8
3.23°5| 1,945 3.23°% | 1.4~ 9.687% 7.75°%] 8.39°%| 7.107°
4% 58 4% 58 28 29 28 30




TABLE III (continued)

By = =27 Mev

SURFACE No. = _..5___

A1 0 At = 0+ -8  SHAKES
3.9 | 6.46°% 5.55"3 7.6874 | 3,235
<1l 100 3 9 45
' 2.717% | 1.29™4
o 15 [2-)
) ' 1.%‘5
6,46
100
4t=25-10 At =10 - 20
3.6~ 6.977% | 1.94"% 5.78= 1,58™ | 3,878
y 0 a8 3 6 43
1.94-5| 1.29°5 | 1.94-% | 2.00-% 3.23-5 6.46-% | 3.29°% | 3.10-%
S8 L 18 18 45 100 1} W
1.29°% 6.46"° 6.46"% | 6.467% | 5.817S
o N 100 100 100 33
&t = 20 - 40 At = 40 -80
8,032 | 2.93~% | 1.94-5 1.0472 5.,10"° | 1,874
3 5 28 2 y 19
9,6675] 1,03"¢ | 8.33"¢ [5,25°4 2.32° % 1L.h2=% | 1.59— | 1.01>
26 25 9 1 17 21 6 8
1,29°5 1.%'5 6.467% | 1.2974 7.75"5 9.6875 | 2,58-% 2.gg"4
7 100 22 29 26 50
2.58°5 6.46°C | 1.94- 6.46°% | 1.29°5 | 6.46-% |
50 100 58 100 T 100
4% = 80 - 160 At = 160 - 320
11272 9,373 | 3.367¢ | 3,259 8.81°° 1.36"2 | T.04~4 u.sg-s
2 3 2 45 . 3 10
6.55°%| 6.13% | 3,312 |2.20° 1.07 1,285 | 5.69 5.%@’
10 10 4 5 8 7 3 "
L4 1.87-¢ | 1,10°% | 5.04 ¢ 5,36 4 5,104 u.g"* 1,287
__19__ 24 13 1l 11 § T -
T.20°8| 5.167F | 3.87°5 | 6.6~ | 2.07-%. | 2.45-% | 1L.67-% | Lu2-%
30 35 41 32 18 16 19 21




£, = __0:3. MeV

TABLE III (continued)

SURFACE No. = —o.loo.
Atz 0 Atz Ov -5 SHAKES
1.76 2 44355 [6.46 % | 1.29-°
<l 4 10 71
6.46-° 1,424 | 9.68-5
100 21 26.
3,23~°
45
AYz5-10 At = 10~ 20
2,983 6.52"% | 1.29"5 4,879 |1.38-° 2,54~
5 30 Fie &t v 50—
1.%-5 1,684 ] 1.1074 3,255 1.;5'5 3,68-% | 2,267+
20 24 45 13 17
6.46 1.9% 1,94 1.29-° | 3.87°
100 58 58 71 41
1.29°° 6.46-°
1 100
At = 20 - 40 At = 40 ~ 80
6.717%| 2.36°° | 6.4675 8.99™° |4.41-3 a.o;""
3~ 5 32 - I 1
1,967 1,16¢ | 6.1374 | 3.87°¢ 3,877 |3.05°4 145 | 9.04~¢
18 24 10 13 13 15 1 8 .
4.52"5| 3,235 | 1,475 | 1.16~4 1.61°% |5.81°° 5.16-5 | 2.45 *
38 45 58 24 20 33 35 16
2,585 ’ 5.817% |1.297% 1.297% | 1.94-S
50 3% 11 T2 =
At = 80 - 160 At = 160 - 320
9.79°5] 7.69~° | 4.00°% ] 6.46 9] T8 [ 1.06= | 6.01-% | k.52 >
b) 3 ) 100 3 2 10 38
1,007°| 9.23~¢ | 2.827% | 1.96° 1,958 |1,787° 4,807% | 3.89™
8 g8 5 g I3 [ 3 | u
3.6874 3.55% | 2.45% | 5.55¢ Tk | 1,005 | 7.65 % | L4z |
13 13 16 1 9 8 9 7
2,134 1.25°¢ | 1,164 | 7.10°5 4,587¢ {4,074 3,234 ] 3,234
17, 23 2% 30 -2 13 b Al




TABLE IIT (continued)

E, = .02 __ Mev

SURFACE No. = __.8 __
At=0 At = 0+ -5 SHAKES
41172 1.82"3 | 2.78=¢ |’
3 b iy 171
6.46-8 7.1078 6.21:;'5
Tl 21
9.68:8-‘
58
Atz 8-10 At s10-20
1.26°| 2.8774 2,057 | 5.497¢ | 1.297S
S. 11 ;N 2 50.
9.687%| 6.46~%| 17,10-5| 2,585 4,84°5 | 1,29°% | 1,614 | 7.1075
| " =8 71 21 35 26 50 b 2
3.23~9] 3,25°9( 2,58=5 1.9 3.23"
100 100 35 41 32
3.2378) | - 3.237%|  6.467°
100 100 71
At 3 20 - 40 At = 40 - 80
3,155 | 1.02= | 1.9% > 4.12°° | L.99= | 9.06°> | 3.23-%
3 6 41, 3 L 19 100
1.00°% | 9.3675 | 3.137%| 2.16-4 3.787% | 2.947* | 6.68~% | 4,13-4
18 19 10 12 9 11 T 9
4,575 | 1,61°° | 1.29-5| 6.13-" 1.25-% | 6.78> | 3.67° | 1.00~%
| o7 45 50 23 17 22 29 18
2.26->| 1.61-° B.55- 7] . BB L - N I Y 2
3 L5 71 2 33 38 50
At =80 -160 ) At = 160 - 320
4,352 33,2378 2,19°¢[ 9.66-%] 3,385 | 4,433 | 4,76=% | 5.16-5 |
3 3 12 58 3 3 8 25
8.26°4| 6.167%| 1.19"®| 8,297+ 1377 | 148 | 2.217 | 1,557
oY g 5 (1 5 ) 4 5
3.55~*%| 3.07"*| 1.61°4| 3,2374 8,297% | 9,427% 5.8~ | 9,65 %
10 10 W 10 6 '8 7 6 -
17874 1.397*| 6.137°%] 9.36-° 3.70°% | 4.847¢ | 3,057¢ | 43974
1% 15 2% 19 9 8 10 9

13




b

TABLE YII (continued)

E, = ..0:2_ Mev

SURFACE No. = —_.2._.
Ats0 At = O¢ -5 SHAKES
2.91°° 2,08-4 | 4,20-5
a 8 20
.84 9.68-% | 4,84
58 5 . 58 —
5-25"
T1
Atz 5-10 At =10~ 20
1.5%"% 3.,717%| 1.61°9 2,60"%| 5.8175
10 Al 100, 8 17
9.68-% 4,84~8 L.84-8| 3,259 | 1,61°8 1.29°%
41 8 8 71 32 35
1.61°°
100
1.61"8
= 100
At = 20 - 40 At = 40 -80
4474 14774 3.23°° 6.497% ] 2.737% | 1.4"S
P~ 10 71 5 8 2q
3.07°5| 2.7%5| 4.68°5| 2.90°% 8.39"5 | 6.46°5 | 9.6475 G.ulg-s
2% 24 19 24 1k 13
1.29-5| 6.46-%| 1.61-9] 3.25-% 3.07°° | 2.56-° | 145" 2.90-°
35 50 100 71 23 25 33 24
1.61°% 1.61-°%| 1.61"9 1.61°5 | 4.84=% | 3.237% | 4.847°
100 100 100 58 71 58
At = 80 - 160 At = 160 - 320
7.08-4 #.91-%] 5.9 8.07-% 5.12-% | 5.26-% | 6.46° | 6.46 © |
5 6 .7 45 6 6 16 50
2.20~% 1.73°%| 1.94"4 13474 3,76~% 1 3.60~% | 3.767% | 2.94~*
8 10 9 1 T 7 i 8
1.00~%] 1.02~%| 5.81°5] 9.2077| 2.40-% | 2,60-% | 1.95% | 2.36~%
13 13 17 13 8 8 9 8
4.20°5] 6,3°5| 1.2975 4.6873 1.65°¢ | 1.827¢ | 1.8 | 1.57
20 16 35 19 10 9 12 10




Eq = .03 Mev

TABLE ITT (continued)

SURFACE No. = ...10 __
At=0 Atz 0s -5  SHAKES
1478 4,03"8
2n 45
8.07-7 |
100
Atz 5-10 At = 10-20
24278 . 5.65°8| 8,077
58 x8 100
1,61~°
71
8.0777
100
At = 20 - 40 At = 40-80
4,848 3,03-9 1375 | 3.23°¢
L), 50- ok 50
8.0177 1,61°%| 1.617% | 1.61° | 2.42-°
100 T1 71 T1
2,4278
=8
1.617% | 8,077 | 8.0777
71 100 100
‘ {
At = 80 - 160 At 3 160 - 320
1.61 °| 1.13-° 1.05 5] 1.05° | L.61-°
22 29 28 28 1
4,03°%] 7.267%| 3.23°9 4.,84~% 1.61"5| 9,68-% 5.sg'° 2,4078
45 %% P 41 22 2
3.3 3.23°%| 3.25°% 1.61° B.07-° o '%‘.'us-z"*'__ :
50 50 . 50 T1 32 30 35 30 -
1.617%| 2.,42°8| 2,427 2,427 9.68°%1 1.,69-5 | 3.23°% | 1,37°°
71 = 2] 8 29 _22 50 26

15




TABLE IV
Monte Carlo Data for 1.5 MeV Gammas

SAMPLE MATRIX WITH ROWS AND COLUMNS LABELED
FOR E, = 1.5 MeV

(ENTRIES IN MATRIX ARE NO. GAMMAS PER SOURCE PARTICLE)
SURFACE NO. = 2

At = 40 - 80 SHAKES

Cos@8| 1.0 - 0.9 0.9-0.75 0.75 - 0.6 06 -0

E

1.2 - 1.5 MeV 8-|2|9'4

09 - 1.2 "22_4 6-1129""

s-oo | %t | 50 | % | o8
03 - 06 9.3522—5
0.1 - 0.3

16




TABLE IV (continued)

e s Ll Nev

BURFACE No. = 2 .

At=2Q

At s O0e -8 SHAKES.
9.71"* 9.52°4
] 0 _ _
1.90°%| 6.67°8
71 8 ‘
6.67°5| 9.52°9
8 100
1.90°3
73
Ars8-i0 At = 10-20
S.k3™4 8.29-¢
13 11
3.81°5] 1.05°¢ 3.81°5 | 1.14-%
50 30 50 29 ]
_3.81-3] 9,528 | 1.90~5] 3.81-5 | 2.86°5
' 50 100 T 50 58
9.527 9.52-6
100 100
At = 20 - 40 At = 40 -80
1.13"3 8.29"4
9 11
1.24°% 1 k007" 1.62°* | 6.10"*
28 15 2h 12
2.85-5 | L.aF% L.905 9.52-% | 1.14-%| 1.81-% | 6.67°%
58 28 £} 100 29 23 p.:)
1.90-3 9.52"%
T2 32
At = 80 ~ 160 At = 160 - 320
1.71°4
2k
1.90°*| 1.203 9.14-%
22 9 b 10
5.71-8 | 3.90"*%| 1.33"* 1.81-%] 6.18-*| 1.81-%
b .16 27 23 12 23
| 1.05°% 1.90°% | 9.52°% 2.48-%
30 T2 100 20
. + 500 ’
100 %68

17
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Eq = —-ds3. MeV

TABLE IV (continued)

SURFACE No. = __2._..

At=0 At = 0+ -5 SHAKES
9.3%"1 1.84°3
<1 1__ .
9.,52=5 | 1,814
32 23
9,52 3,81-5] 9,527
100 50 200
1.90-5 |
T1
At=x5-10 At=10-20
1.29-8 9. 52-. 1.7h'°
9 | 300 7
8.57°5| 2.38"4 Lak™t | 34374
33 20 29 17 _
1.90° 5| .5.71-3| 9.52-% 1.90-5| 1.435 %] 2.86~5
L k1 100 71 26 58
20%-5 }‘.76"8
58 ks
At = 20 - 40 At = 40 -80
2.24"9 2.58"3 | 9.,5278
7 . . 6 100
1.43" 5,62 3,05"* | 1.39°%
26 1% 18 Bg
2.86"5 | 1.90°%| b.76°Y 9.528 | 9.52-5 | 3.50-%| 1.52%
58 22 45 | 100 32 16 25
h.76°5 1.90"*
45 22 |
At = 80 - 160 At = 160 ~ 320
1.8973| 9.52™8 3,714
T 100 16
3.90"¢| 2.063 4,294 | 3.00°3| 9.52°8|"
16 1 15 F 6 100
9.527% | 1.71"% | S.A43"¢| 2,29™¢ 9.527% | 3.62°%| 1.17°3] k.57°%
100 - 13 20 1 100 16 9 1k
1.90"8! 9,528 2.67°* 2.86°% | 2.86°8 3,814
vl 100 19 | 58 S8 16
9.52-8|" 1.90% | 9,52~ .52-8
100 n 1% %2




e = 12 . Mev

TABLE IV (continued)

SURFACE No. = ___b___

Hr=0 Ar = O+ -5  SHAKES
8.2-1 3.2%-3
6.67 5| 3.24%
L] ﬁ 17
1.90°5| 1.14~4| 1.90°5
| R 2
-8 -3
%85 R
At=5-10 Atz 10-20
2.2_;‘s 3.02'3
9.52-% .05~4 2.95% | 4.76-¢
% | >% 18 I A
2.865 | - 2,86"%| 4.76°5 81-5| 1.33-% 8.57-%
B | B % | E | %
5.%‘5 6.%"
At > 20-40 B At = 40 -80
k13" 4.69-3
5
3.147%] 1.09-F 4. 48-% | 2.2278| 9.52-0
17 9 15 7 100
6.%‘5 2.§;“ 1.33"‘ 6.%'5 2.53" 6.86"¢ 2.58"
1,905 1.14-4 9,52-8 ' 1.33~4
71 29 100 27
At = 80 - 160 At = 160 - 320
u.;g-s 2.0?'3 1.32‘5
o il gl B
2.;02‘5 u.ig" 1.2;‘s 3.'{%." 6.67°5 5.23" 2. %'3 6.67"4
N 13 12 -
2.86"%] 2,863 | 9.52°8| k.67"¢ L,76-% | 9,52=5| 2.86~%| 8.67¢
58 . 58 100 1k 4s 32 58 10
" 9.52 ' 2.86-% | 1.90-5 .52 1.90°%
- 100, 58 71 91%0 gg ]

19
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TABLE IV (continued)

Eq * Adoo MV
SURFACE No. * —euZeeo

Atz 0 At = O+ -5 SHAKES
7.51~% 5.18°3
<1 L
1.8174] L4.57°¢
23 1k
4,76°% | 9.52°®| s5.7178
ks 2 4y
7.62°%
39
At=8-10 At = 10~ 20
3,237 5.13"3
5
1.90"4 3.81°¢ 3.24"% | 1.11°9
22 16 ] 17 9 ]
6.67°5]| 1.33°*| 1.907% 5.71°% | 1.907* | 8.57°%
38 27 1 1 22 33
-5 -5
ulg 5.1}.
At 2 20 - 40 B * At = 40 -80
6.91!:'3 9ig(2)‘° 7.8;'a a.gg"
3.71-%] 1.46-3| 9.52°% 9.62-% | 3.20°3 | 2.86-%
16 8 100 10 5 pac)
2.22'5 1. Za“ 5.71°4 i.g;" 8.57°% 5.;2" 1.13"a 3.11_;"
9.52"0 a.gg" 9.15.2" 1.627¢ 9.?2" 2.86°5 | 9.52°% | 4.76°%
130 100 24 100 58 100 14
8.52"°
100
At = 80 - 160 At = 160 - 320
7.hﬁ'° 1.90°8 h.eg" 1.90°3
71 _ 71
1.!%-a 5.13-3 u.lg-' : 1.6&-a i 7.93;-a 7.gzs>--". :
1.2574 4.957%) 1.93°3 .057¢ 17174 | 12279 JA773 | 178
A e e A 1 25 >4 d
h,76-5| u4.76"3] 3.81°5 | 8.19°* 1.35°% | 1.52*¢ | 1.72"* ]| 21.30°9
l‘50 50' 508‘ 11-. %718 253 ?Ls ;‘9;
‘ 4 2- [ 2- 1090. X . . 2 4 L] - ] - 2. = L] =
9130 91 - 71 91.30 3 50 ° ? ﬁ % 5




g & aa kel MeV

No. =

TABLE IV (continued)

SURFACE . —
Ar=0 At = O+ -8  SHAKES
5.78 + 1.10°S
<1 4
2,19°%| 6.95"*
. 21 12j ——
2.852's 1.90°* k’hs.s
22 s |
6.67°5 |
Ats5-10 At = 10 -20
hT7°%| 9.52°® | 7.3
[ 100
1.81°%| 6.76°% §.10°%[ 1.24°3 | 9.52°%
23 12 15 9 100
3.82°% | 1,05°% | 9,528 ,76°3| 1.71°% | 3.18"% | 1.33°¢
50 20 32 k5 2 17 21
2,86-% 4.76-3 1.90"%| 9,52-° 1,054
58 s - 71 100 30
9.52"%| 9.52-9
100 100
A = 20~ 40 ' At= 40 -80
9.55"3 | 3,818 1.20°2| 5,71°%
3 50 ‘ 3 41
7.527%| 2,773 | 9,52-¢ 1.54-3 | 4.55°3 | 1,90°5
11 6 100 8 5 7
4,76"5 | 2,197* | 6.29-* | 2.38-¢ 1L.71°*} b.57"* | 1.50°3 | uW.S5T"*
45 21 12 20 | 2k 1k 8 : 1k
3.81-3 9.52% | 2,76-¢ 6.67°%| 5.71-% | 1.90"% | k.194
50 100 19 8 4 il 15
3.,81°% | 9,52°° 1.90°%| 2.86"% | 9,52°° | 1.90°%
S0 200 e 58 100 el
At = 80 - 160 At 2160 - 320
1.07°2| 4,765 T.02°%| s5,71°%
3 49 4 k1
2.29"2| 7.86"2 | 6.6T°% 2,52 1.04°2 | 2.00"%.}|
6 3 38 6 3 22
.00} 1.,127° | 2,323 | 1.,12"° 6.10"*| 1,903 | 4,093 | 1.68-3 -
15 9 6 9 12 yi 5 8 -
1.62°%| 1.90°* | 1.33"* | 1.0 4,00"* h.ag" k.00°* | 1.95°
2h 22 7 10 ‘15 i 15 1
. 9.;5'5 3.%’ 5.11" . _5.1}' R 1.3;-‘ 1.%" 1.83-‘ 1.132-‘

21
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TABLE IV (continued)

By = ——L:0. MeV

SURFACE No. = T

At=0 Ar = 0+ ~8  SHAKES
3,61°1 1T 8,52°3
<a 3
1.90"%| 6.67°*
. 22 12
9,528 9.52"8! 8,755 | 2.00"* | 7.62°%
100 100 33 22 35 |
5,71°%
b1
Ar=5-10 At = 10 -20
5.&5-a 8.22°3| 9,52°°
3 100
2.95°*| 1.33"* 5,144 1,4k9~3
18 1] 1h 8
2,86°5| 4,765 | 2,76"% | 7.62"S 1.90"%] 1434 | 3,527 | 1.14¢
58 5 19 25 7 23 15_ 29
9.52°% | 9,52°% | 5.71°° 9.52"%| 9.527°® 2.38~¢
100 100 4 100 100 20
9,52°8
100
At = 20 - 40 ) ‘ At = 40-80
1,082 | 2.86"3 1.34°2 5.;{1'5
1.’159'3 3.;;2'3 3,613 1.;6" 5.§-r s.ﬁ'“’
9 . 50 i
ST 3.1t | 9,334 Lol~4 0541 7.817%| 1,683 | & 76°*
* Z& 3 17 . ? 23 3 18 > 13 11 8 1k
6.67°3 1.90°8 ) 1,24"4| 1.527% 1 9.52"S ,05°4
53 -?8 >3 2 25 _ ? '352 "% ]
9.527¢ 4,763 6,675 | 1.90°% | &.767%
100 &5 38 71 5
At = 80 - 160 At = 160 - 320
1.2972| 1.527% |- 8.22°3 2.10".
3..05-5 8.9 | 1.71-% 3.20'5 1.%" k,76-%, |- 1.90°°
6 3 2L . 3 1k T
6.u8"* 1.35" 12.28"s 1.11°8 1.21°% a.g?’ .5.25-3 2.20-5"
12 9 9
k.clxsr" k.gz“ 3.1.3;'.‘ 1.;?’" 7.?:" 1.%’5 6.o]§" 2.25““
- 8.573 | 8.571-5 | 7.62°5 | 71.62°° | S 3.33°%| 3.04% | 2.29°% | .38 |
33 35 - 35 35 17 17 0 15




TABLE IV (continued)

By » 15 Mev
sunFRce No.» . 8&___

atsg . ' At = 0+ -8 SHAKES

1. 53-1 . 6‘ 51- 5 un 73-
a : 3 100
1.81°% Uu.95°4
» 16 10
1.;3’,3 5.715| L.57°%| 6.19°°
.29 17 28
‘ 5,243
X0
At=5-10 ‘ .« Arzi0-20
4,56=3 | 6.4973 g,52°
3 y 3 (e -
2,194 5.52°4( 4,76 koY 1,092 1.43°
15 9 100 11 7 58 ‘
1.90-5| 3.81°5 | 1.35°% | %.76- 6.19-5| 9.52°5| 3.05°% | L.ov?
50 35 19 32 28 22 12 20 |
9.52°8 %,29°5 | 2.86°5] 1.5 | 8.575
T | 33 h 58 24
9.52-© h.76“] 9.52° 5] 4,76°%
71 100 71 100
At = 20 - 40 ' 4t=40-80
8,723 3.81°% 1.01-2] 9.52°°
3 35 2 22 _
1.167°®| 2.31°3 | 1.90"% 4,768 2.01°3| 4,03"3| 8,57 4,76"®
6 S 5Q 100 5 3 2l 100
2.00°%]| 2.67°* | 6.86~% | 2,144 5.297% 6.48"*| 1.36°3 | 4,144
15 13 8 lL‘_ 10 9 6 11
6.19°5| 3.33°5 | 2.66'5 | 2.86 1.76-% 2.10-%| LiF*| 7.10°%
28 38 _ by B 16 15 20 8
1.90°° 2.28" , 4,769 | 9.05 5> 5.33' 2.38’-" 2.86°5 |
50 5 . 100 o 3 5 41
At = 80 - 160 " . At=160 - 320
9.45~3] 2,05°% 5.89°3] 2.86~%
3 16 3 14
2.9673| 7.1073 | 3.147¢ | : 3,133 9.217%| 6.38"% | 1.90°%
[ 3 12 L b 2 9 - 50
1.19°3| 1.61°3| 2.29°% | 1.05°° | 1.5 3| 2.70-3| 3.98-% | 1.99°3 |
6 5 5 7 6 4 3 5 «
4. 717% 5,48 %[ b,33°% | 1.19°° 1.25-3] 1,603 | 1,08-3 | 2.55°3 |
10_‘ 9 10 6 6 . 5 7 -t 4 .
. o o -4 . I 1. i . - M = “o ~ . =
"5 R B B | [F VR ¥

23
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TABLE IV (continued)

Ee = 22 Mev.

SURFACE No. = —_.2.__

Arz0 At 2.0+ -5 SHAKES
3. 24 2.49° 3]
<1 3
2.38°9 7.62-5| 2.79-%| 4.76°5
. | 100 18 9 7|
7.14°% 2.38"31 5,003 | 2.14°%
58 32 22 33
2.38°8
-
AtTS5~10 . Atz l0-20
1.12'a 2i£'° 2.55°° 1.’{3:5
3
7. 23“ 2. gg" a:.&'t 2.76-3] S.01-% 7.;15"
9 T
1.1133 3.23'3 .s.oag'I ' 1.%‘7 3. g" 7'23-5 1.?2;'* u.g;a’?
2.38"%| 2,386 2,145 | 1.43°5] 14378 ] &,76°% | 5.00°%
100 100 33 4y L) ‘71
2i£-° 7.;:"" 2,38°% 2,38°°
100 100
At = 20 - 40 ' At =2 40-80
3. ;’r" 2.825'5 k093] 6.19"
3 20
5,19°*| 9,29°% 1 1,90°% 1,03°%| 1.77°°1 s5.717% | 2.38"¢
7 5 35 53 r{ > '&) 113)0
1.50°*%| 1.40"* | 2.95%* | 1.24"* 3,50°%1 h.60"%*| 5.21°* | 2,527%
¢ 13 . 1345 9 1k 8 [ 7 10
.52" 4,05"5 | 3.10°% 1.2k ¢ 1.62°%| 1.55°*] 9.52°% | 3.05"*
23 2 28 14 12 13 16 9
2.38-%| 4,76-% | %.768 | 2.38-9% | 5.76-5| 5.00°% | 3.57 > | 2.86°5 |
100 T1 71 100 22 22 26 29
At = 80 - 160 At = 160 - 320
3.;1&" 1.;;" 2.1‘113'3 1,334
1
1.39'3 2.65-5 | 1.k5-% | 5.76°° | L.I8"S| 3.29°° | 3.1 %, [ 1.M3°° |
3 13 T DU T 9 1
7.450°*| 9.69=*| 1.00~3 | 5.17"* 1.22°3] 1,663 | 1.45°3 | 8.7k"¢
6 5 5 7 5 Y 4 5
h._;;*r‘ u.$6" 3.;9" 6.59" 9.10°*| 1.06"3 | 8.05"* | 1.k1"3
Y -d 1 - 1 -d -1 -l 5 X ) 6 5 eZ 3 hz =Y 9 - kk-‘
) E ﬁ . gg . ig 9 5.;& .22 .72 5.




Ey ¥ —wdeS.. MaV

TABLE IV (continued)

SURFACE No. s —_JQ___

At = 0¢ -8

At=Q SHAKES
1.9973 2.75"*| 1.19°°
.3 i 100
L35 [ 3.210
. 29 19
3.57°% | u.76-°
58 50
Atz 5-10 At = 10~ 20
1.;6-‘ 2.:{{7-0
1.07 > | 2.38° > 3.8 | B.52° | 2.38°8
33 22 18 16 ¥pl
1.19% | 1.19°% | 7.1 % | 3.57°% | T | L.oT 5 | 2.50°° | %.76-% |
100 100 5} 58 b1 33 £2 © 50
1.197% 3.57°® 4.76"%| 3.577° | 3.57°° | 3.57"°
100 58 50 58 58 58
1.19~°
100
At=20-40 ) At = 40 - 80
3.80"% | 1.07°° b3 1,19-5
6 33 5 32
8.81"5 | 8.93"5 | 7.14°% 1.79°% | 2.02°% | 1.55°5
12 12 B | 8 | 8 8
2,50"% | 2.50"% | b.29°% | 1.79°8 7.98"5 | 7.14"% | 8,10°% | 2.86"%
22 22 17 26 12 13 12 20
8.33°% | 4.76% | 4.76"® | 1.07"3 .21°% | 2.98"3 | 2,38°% .33°8
¥ 1D 14 >% 1% %2 [>B
2,38-° | 1.19°°® | 2.38~° | 4,76°° 5.95°% | 1.07"% | 7.14"® | 8.33"°
71 100 el 50 ks 33 41 38
At = 80 -160 At = 1680 - 320
3.19% | 3.10°8 2,08"% | 2,14"8
6 20 8 2k
2. 6-‘ .00" 2.86.8 2012-‘ [ 1.‘ kolrs . - . -6
P28 2 8 | 22 w |>%
1.51°% | 1.617¢ [1.18"¢ | 6,909 1.80"¢ | 2,364 | 2,15"¢ | 1.10"¢
9 9 10 13 .8 T 1 10
8.81°% | 1,02°* |7.38°% | 1.19"* 2.35',‘ z._:;;" 1.gr‘ 2.?"
54,8875 | 4.17°% | 2.26°5 | 3.69°% C1.50% | L7b s | L.k | 1.83 %
- 16 17 - ) 18 9 8- 9 8 ]

25




TABLE IV (continued)

E, ®= .l NeV
SURFACE No. = .l __ -

At=0 . At = 0+ -5 SHAKES
1.49°8 ’
m -
1.197%| 5,957
. F 71 100
5.9577
100
Atz 5-10 . Ats10-20
2.38"8 k1778
% I
1.19%| 5.95°7 | 5.95~7
T1 100 100
5,95~7
100
At = 20 - 40 * At = 40-80
3.57°° ;179
5 38
1.79°%| 2.38°° 4,76°| 2.38"8
53 gg 35 50
5.9577 1.79°¢ ' 5.957| 5.957 | 1.19"® | 5.9577
100 58 100 100 7 200
1.19°° 1.19°%| 2.38°¢ 5.95~7
71 71 50 200
5.95~7 5.957" 1,197
100 100 71
At = 80 - 160 . At = 160 - 320
2,38"¢ ‘ 2.38°°
50 50
L, 76°%| T.14°¢ 3.57°%| 3.57°° | 1.19"9.
35 29 B 71
1. -e h.l -e 20 8-0 L] 7 L] -7 l‘.l -o L) -o 1. -o
grlegc e | Dl
3.57°% | 4177 | 1.79°% | 2.98°® 3.5778| 7.7%°% | 1.797¢ | kar®
5% 38 58 4s 1 28 58 38
. "1 1.19-% | 2.38-° | 1.197° . 5.36°%| T.247% | 3.57°° 2.%8'“
- 50 (£ 33 29 Lo 5
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TABLE V
Monte Carlo Data for 5.0 MeV Gammas

SAMPLE MATRIX WITH ROWS AND COLUMNS LABELED
FOR E, = 50 MeV

(ENTRIES IN MATRIX ARE NO. GAMMAS PER SOURCE PARTICLE)
SURFACE NO. = 2

At = 10 - 20 SHAKES

\W 0-09 09-075 075-06 06-0
E

40-50Mev| 3967

3.0 - 40 2-252'4

2.0 -30 5-503‘5 4.;;87-5

.0 - 2.0 G.gg's |l_gg-5

0.l -1.0 |.|5020-5.

a7



TABLE V (continued)

Ee = 2220, Mev
SURFACE No. = _._2...
At=0 At = 0+ -5 SHAKES
9.88-1 8.u3~*
<1 13
1.07"%
2K
3,05°% 3,055
71 71
1,52~> | 1.52°
100 100
At=5-10 At = 10 - 20
2,894 3.96-+
2% 20
1.02-4 2.59~%
35 oy
3,055 1.5e°S 6.09%% | 4.57°%
ol 100 50 58
1.52~%| 3.057> 6.09°° 1.5 5
100 71 50 100 -
1,578
100
At = 20 - 40 At = 40 -80
1.07°4
%8
4,26 % 3.964
19 20
1.8574| 6.0975 2.44-% |1.6874
29 50 25 30
1.60-%| 3.05"° 1.99-% 6.09"°
30 T1 28 50
3,05 ° 3.05°%
11 11
At = 80 - 160 At = 160 - 320
3.05 °
71
1.98°4| 3.207¢ 1.0274
28 28 35
2,59 ¢ 1.52% 3,814 2,744
2l 32 20 24
4,571°5 1.5"3 1,984
58 100 28

28




TABLE V (continued)

Eo = —-3.0.. MeV
SURFACE No. = _...3__.
At=z0 At = O+ -5 SHAKES
9.67" 14572 ’
< L 10
i 3.96=%
20
7.617% |9,147S
45 41
1,52"°
100
3.05°°
- vol
At=25-10 : ' At =10 -20
6,704 11173
15 12,
3.057% 3.50 ¢
22 21
k.57-3%| 7.61°5 13774 |u.5775
54 45 3% 59 :
3,05~° : 1.66-% L4,57°5
ST 30 58
3.05-5 3.05°
71 val
At = 20~ 40 ' At = 40 -80
8.07% 2,2874
U .26 o
9.75°% i 1.05"
12 12
2.8974| 2.5974 3.50 4 |4.26~4
2% ol - 21 19
1,964 9.1% 5 1.52°° |3.35-% 1.37-%
28 Y 100 21 33
7.6175 1,5275 1,374
iy 49 100 33
At = 80 - 160 At = 160 - 320
8.,22-% : 3.05"%
1 . 1
6.8574} 5,874 : 5.03°% |6,7074
= ] "~4 4 5 i 25
1.52°5| 4,42 2,7474% | 1.5 3.05 % |9.29~4 5,034 528
__1o0 19 24 100 71 13 17 ,lnfe
1.52-° : 2,13-4 - }3.05°8 3.05°5 |4.42~*
100 27 71 T _ 19

29



B = _ 100 Mev

TABLE V (continued)

SURFACE NO. 3 oo
At=0 At s 0+ -5 SHAKES
9.317 2.70"°
<1 o]
PO
18
1.227% | 3.05°°
35 71 i}
1.227% 4,57 °
35 58
Atx5-10 At = 10-20
1.3972 1.49™
10 10
b 4 1.19°
19 11
6.09 5] 1.527% 1,527¢ 1374
=Q 100 %2 %3
7.61°5| 7.61°% 1.52-4 9,145
43 45 32 b1
1.52°S 6.09° S
100 =0
At = 20 - 40 At = 40 - 80
18378 1.14-2
9 | )
1.65" 2.25-5 | 1l.5e-° -
10 100
3.65 %] 3.05* 8.38"% |6,707%
20 22 13 15
1.687% ] 1.68°% | 1,523 3.05 4,57 % 2.59~% |1.527°
30 30 100 71 . 18 ol 100
137 4 2.59~*
%3 ol
At = 80 - 160 At = 160 - 320
1.227%
35
2.10° 6.09° %
9 16
1,073 1,197 1.167° {1,512
lILs 5 él < < = 11 10
7.617 B34 | 45774 | 6.09" 4.577% 1,397 554 |L.227¢
45 13 18 50 54 10 853 35
4,57 ° 2.74~% 3,05-5 u.gyd-‘ 4.523-5 5.09 ¥
L 24 71 16
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By ® woSL0. MeV
SURFACE No. = —..5__.

TABLE V (continued)

At=0 At = 0r=8  SHAKES
8.70-!' 4.77"8
< L (33
7.61°%
1
1.987% | 1,524
28 22
1.227% 6.09°°
35 50
1.52°S
- . 100
AY28-10 At = (0 ~ 20
2,562 2.8
8 7
77 1.39™
14 10
T.61731 2,137% 46774 13,207 ,
45 27 18 22
7.61°°1 1,37°% 1.527S |1.83°4 1374 [1.52°5
C 45 33 100 29 33 100
3.057° 1.527% 7.617S
73 100 45
At = 20 - 40 At = 40 - 80
2.977° | 2,192
7
2.30°3| 1.52 ° 4.29"
) 100 6
8.2274: 6,854 1,257 |1.3272
14 15 11 11
4,577 4.87-4] 2,7474 3,05°5 |8,07"4 4,72"% 1,578
58 18 o4 71 1 18 100
15274 3.05°% 3.65~4
22 ol 20
4t = 80 - 160 At = 160 - 320
5.o4-%
16
3.58-2 2,037 |1.%2°°
6 9 100
1,407 | 1.69™ 2,270 |2.27™°
10 9 . - 8 8
1.22-%| 1.16-3| 1.082 | 3.05-5 1.37-% | 2.30- 1. 1.50~%
35 11 12 71 33 ] 10 32
3.05°% | 1.52°5| 3.0575 | 5.63-% 1.077* |7.61°% 1.%“ 14572
T 100 ol 16 3 45 10
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TABIE V (continued)

E, = —-2:0_ Mev
SURFACE No. = ._.S___
At=0 At = 0+ ~5 SHAKES
7.687 7.33*
<1
1.5
10
2,89°% |1,68~4
23 30
1.667% | 9.14-%
30 41
N 6.09°%
i 29
Atz5-10 At = 10 - 20
4,082 5,15
1 5
1.7 PRI
1 8
3.05"%| 3,50°% | - 5,94~% 15,1874
22 21 16 17
1,22-% J1.22"¢ |1.52-5 2.59°% | 1,984
35 35 100 2l 28 .
4, -5 1.5 4
2 T
At = 20~ 40 At = 40 ~80
5.04~2 3.56~3
5
3,70 5.76=>
6 5
1.13"3 | 9,29~4 1 1.96~% |1.69™3
12 13 . 9 9 ]
1.527S | 7.77-* [3.817¢ |1.,%"% 1.66°% [1.29= |8.85°% | 4.57-5
100 I 20 100 30 11 13
1.5"% | 3,204 3.05°5 13.05°% |1,%"% | 54874
100 22 T 71 100 17
At = 80 ~ 160 At = 160 - 320
1,58 : 3,053
10 Vel
6.43"° | 3,055 3.70°3 . |3.05~3
5 71 6 71
3.273[2.76° |3.05"% 3.00°* |3.72"9
v 7 ik 7 [
3.05%¢ | 2,30=° [1.37° u.%"‘ 5.48°¢ (3,87 2,57 | 2.447¢
_22 8 1 17 6 . 8 25
'10 ~4 1, o l.a.‘ 1.15" 3- B 30 4 90 =5 2.
A e/ n 2Py 1 P




TABIE V (continued)

E, = 22 Mev
SURFACE No. 3 —_.l___
At=0 At = O+ -5  SHAKES
6,107 1,082 |
<l L
1,95
9
5.33-% | 4.42"%
17 19
1.5%2"% |2,897% | 1.83~¢ | 1.5%0-5
100 23 29 100
9,145
- - by
At=5-10 At =10-20
6.47"2 7.36-3
5 5
1.95% 3.36-3
9 7
4 ,u2"4| 3,2074 9.14~* |5,7974
19 22 13 16
3.05°5 | 2,807¢ |2.44"¢ 1.%-5 |5,18™% {3,054 | 1.5"5
T1 25 25 100 P4 22 100
9,145 1.52°% 1.52-% | 2.59"4
s 100 100 2l
At = 20 - 40 At = 40 - 80
8.10°3 5.07
4 5
6.33"2 8.29'9 3,05°5
1, 1.25-° 3.29°  |2.532
9 11 7 8
1.22°*%|1.05~® |7.617¢ |3.05°5 2.747% 2,07 |1.177° | 1.227¢
35 12 A4 71 24 9 11 x5
4.5775 b, 57" |1.5%2" 3.35 4 6.09" 1.05-‘ 7.61°% | 6.407¢
58 58 100 21 50 3 45 15
At = 80 - 160 A1 =2 160 < 320
2.20-3 1.9874
8 28
9.32"‘ 3.05"5 5.44=> |6.09"%
3.79 2 | 3,76 u.gF 5,185 k. 57-%
6 6 6 5 58 :
4.72"4 | 3,883 [2,21=% {1,357~ 1.01°% |5,16™° [3.79-® | 3.05¢
.18 (3 8 33 12 -5 [ 22
3.6 3,507 228 LT | (737 [9.75¢ [6.24% | 3.65°
20 21 26 9 1 12 16 6
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E. = __.5.0 MeV

TABLE V (continued)

SURFACE No. = -
At=0 At = O+ -5 SHAKES
4,037 1.36-2
<1l 2
1,925 2,371
71 6
5.86-% |4, 34~4
11 13
3,055 |3.43-% | 2.13-*¢ | 7.617°
15 19 100
7.61" 1.22°%
100 25
Atz 5-10 At = 10~ 20
6.78=3 8.65™°
'S 3
2,44~ 4,30 |7.61°°
6 L 200 -
5.947%| 45T 1.25™ 8,074
11 13 8 10
3.21‘5 3.2‘1:4 2,21"% | 1,55 9.14"% |T1.92"* |4.04~* | 2,287%
5 19 71 29 - s8
.61~ 1.07~% 3,61~ af&s 7.61" 2,%51-%
100 27 45 2 100 17
At = 20 - 40 At = 40 - 80
9.19™° 6.92-3
L I
7.3073 | 2.28-5 1.03-2 [3.05°%
3 58 3 50
2,51 | 1,67 7.61°% 3,965 [3,18-%
6 7 100 L 5
2,874 1.37-3 7.16°% | 6.85°5 5.797% [2.68-% 1.3 | 13774
17 10 %% 11 5 7 oL
7.61°% | 6,85-5 [1.%" 5, 71% 2.89-¢ J2,50~¢ |1.90"* | 9.14~¢
32 33 T1 - 12 16 17 20 9
At = 80 ~ 160 At = 160 - 320
2.65° 3,754
T 19
1.09-2 | 1,60-% 6,31  {9.90°3
3 N 30
5. u.g%' 1.5-% 5.06 |5.86= 15.33°5
4 4 71 5 4 38
1,043 Zs:" 2,828 |3.507¢ 1,587 |6.49-% |48 | 5.8674
9 5 15 __1_.3 . I 4 11
8.A7-% | 7.69°% [5.03-% |2.33-3 1. . .03 |1 4,0
1. 10 -| 12 7 6 77-6 urs
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Eo = - 5. MeV

TABLE V (continued)

SURFACE No. = __9....

Atz 0 At = 0+ -5  SHAKES
1.917 1,152
<1l : 2
1.,511&s 2,10"°
L
1.1475 5.75~¢ |4.30"4
58 8 1 9
1.347° [2,55°% [ 1,41% | 1.4 |
12 16 58
7.617% |1,14~5 8.76-5
i 1 8 21
At=5-10 At =10 - 20
6.08-° 7.58=8
3
2.19° 3.88 1.90-°
4 3 45
5.98=%| 3,90=4 1.22=% |7.69-4
8 10 (1 7 .

3.43-5 ] 3,27~¢ |[1.687¢ 1.37-* 16.55~% [3.69-* | 1.90-°
33 |- 11 15 17 8 10 45
1,575 3,818 1.10°% 7.23=5 [2.6675 |1.52~5 | 1.94~4
o] 100 19 23 38 50 1

At = 20 - 40 At = 40 - 80
7.6972 5.86=2
3 L3
6457 13,05-5 8,68 [9.%2 >
2 35 2 20
2497 | 1,40 3,70 [2.70=® |1.90-%
4 5 3 i 45
4,07-* | 1343 |6.70-% | 6.47-5 | 9.59-% |2.33=° | L5 | L.79-%
10 5 8 2% 6 i 5 . 15
2,02°% | 1.18"% |5, 71°5 | 4,57-* 4,197* |3.65¢ |2.897¢ | 9,757
s 18 28 Q 10 10 12 (5
At = 80 - 160 At =160 - 320
2,20™ 3.6974
o1 15
8.7279 | 1.4874 5.03=° 11,834
3 16 , i 15
4,747 1 4,237 |4,1975 4,01 |4.62* |6.855
x x %0 ' i 2 .
1712 [ 4372 [2.46 | 3.54°4 1.85° |5.36=° | 3.2 8.38°4
5 3 4 10 ) 3 3 T _—
" 2,027 | 1,23 |9,71-% . 2,06~ [2.84~ [2.28= | 4.84
e PR 2t | [ e [ [N
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SURFACE No. = __Jd0...

»

TABLE V (continued)

At=0 At = 0+ -5 SHAKES
4,802 5,363
2
3.81-5 1,06~ |3.61~°
71 L 71
2.40% [2.0T* |1.90~®
°] 10 100
1.5 1.777* j1.1274
* 35 10 )
5.717¢ [3.81°® 4,765
i =8 71 20
At=5-10 At = 10 - 20
2.84=3 3.60"3
3 2
1.09° | 1.90°% 2,003 [1.33-5
L 100 3 _38
3.05 ¢ [2.19"% 6.76"% [5.,95-%
8 9 _ 5 7
3.62-5 [1,355~¢ [9.14"5 |[1.90"® 1,537¢ B3~ [1,717¢ |1.4°S
23 12 1k 100 12 7 1 5
1,715 |7.67% [1,90°% |[5.5275 4,38~3 8675 {2,285 |1,2674
33 50 100 19 21 26. 29 12
At = 20 - 40 At = 40-80
3.21“' 2,513
3,337 [3.6275 4,08"  B.90"5
2 23 2 18
2.32°3 [7.77°* [5.71° 2,077 .28~ 17178
Ly 5 58 L. 33
3.547% [7.25"% p.27¢  |3.81°° 8.01°* L.39™° |[7.10¢* [9.90-%
71 5 8 22 i 5 U
10174 |1.2874 p.76'5 2,514 2274 677+ o617+ |5.68474
14 12 15 9 v o] 5
At = 80 - 160 At = 160 - 320
1057 14874
5 %
3.55 > |1.317* 1,927 f.12-4
3 12 L 1k
2.5%"% 11,9™° p.33-5 1.55°° [L.86" |5.3375
3 3 19 L X 19
1,20 [2.14% h.28S 2,574 1,11~ p.27-°%  I1.537% 4,854
4 3 I 9 L 3 4 (3
‘9,18-4 [1,08™% [r.86"¢ [1.,38°° h.72- Pk~ [1.60°%  |3.02°%
= L L] i b} 3 3 3




Eo 2 -.5.0-. MaV

TABLE V (continued)

SURFACE No. = _J2___
At=0 At = 0+ -5  SHAKES
4,033 8.30~4
2 3
1.?"
3,24-° | 2,285
17 20
1,908 | 2,47°% [ 1,43°S
71 20 26
9.%2~7 | 9.52~7 3.61°% |
100 100 50
At=5-10 At =10 - 20
4,00"4 5.o~4
5 'Y
1.95°4 3.447% | 3,8178
7 5 50
5.04=5} 2,767S 1,284 }6.28°% | 9,%~7
14 19 9 12 100
1.43°5| 2,09"5 | 1.05°% | .9.5%"7 2.95°% | 6,38°5 | 2,955 | 2,86~
26 |- 21 30 100 18 12 18 =8
2.86‘°l 1.90"® | 9,57 | 8.57°¢ 12475 | 6.6678 | 2.86°% | 2.28"5
val 100 33 29 38 s8 20
At z 20 - 40 At = 40 -80
5'09-‘ 3.%-‘
L &
5.5 4} 8,578 6.,06"% | 7.61°8 .
[y 33 4 35
2,484 1,3174 4,007% |2.,06-% | 5.7117@
8 9 5. 1 41
T.42"5] 1.35"4% 1 6.66° | 6.66°9 1.64°% {2,417 | 1.15¢ | 2.38°S
1 8 12 38 8 6 9 20
2.76°5] 3.04°% | 2,197 | 4.66°S 9.99°5 [1,05%* | 6.57"5 | 1.028~¢
19 18 — 21— . io 10 12 9
At = 80 - 150 At = 160 - 320
1.2474 1.43°S
9 26
44174 2.3875 1,784 |1,90°S
5 20 8 22
3,4574| 2.81°4 | 6.66°° 1.997* 11.96°% | 1.5°S
s | & 38 7 7 25 :
2.3974| 3.467% | 1.7374 |.6.28°5 1.57% |2.,697% | 1.817¢ | 7.5™S
6 5 7 12 8 6 T u_‘
2.1974| 2.89¢ |2,117¢ 294 | 3.68~% [4.84"¢ | 3.55* | 5.99
"79- 29 7 3 59- 5 i 5 4
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TABLE VI

WEIGHTED GAMMA CURRENT
0.5 MaV Source

t 0 Ot=5 5-10 10-20 20-40 40-80 B0-160 160-320
2 9.59-1  1.07-3 5.75-4 1.15-3 1.69-3 2.01-3 2.24-3 1.38-3
3 8,91-1  1.87-3 1.33-3 2.05-3 3.06-3 4.35-3 5.60-3 5.75-3
4 7.79-1  3.05-3 2.13-3 3.46-3 5.18~3 7.51-3 9.38-3 1.07-2
5 6.09-1  4.,13-3 3.12-3 5.10-3 T7.58-3 1,132 1,492 1.63-2
6 3.93-1  5.13-3  3.51-3 5.94-3 8,983 1.,30-2 1.,80-2 2,14-2
7 1.76-1  4,08-3 2,94 5,08-3 7.52-3 1..15-2 1.61-2 1,912
8 4,11-2  1.69-3 1.25-3 2,13 3,513 5.46-3 T.43-3 9,353
9 2.91-3 2,18-3 1,52-4 2,6l-% 5,184 &,65-4 1.52-3 1.61-3
10 1.94-5 3,36-6 2.78-6 5.24-6 6.55-6 1.66-5 3.14-5 4.21-5
s = surface number
At in shekes
TABLE VII
WEIGHTED GAMMA CURRENT
1.5 MaV Source
> t 0 O+=5 5-10 10-20  20-40  40-80 B0-160  160-320
2 9.77-1  9.00-4 5,534 8,06-% 1,28-3 1.25-3 1,04-3 T7.75-4
3 9.36-1 1.688-3 1,28-3 1,78-3 2.,31-3 3.27-3 3.20-3 2.71-3
y 8.66-1 2.93-3 2.14-3 3.07-3 4.36-3 5.71-3 6.63-3 5.97-3
5 T.51-1  4.83-3  3.12-3  5.19-3 7.10-3 9.47-3 1,07-2 1.10-2
6 5.76-1  6.54-3  4.52-3  7.33-3 1,04-2 1,43-2 1,612 1,55-2
7 3.61-1 T7.69-3 5.47-3 8.23-3 1,20-2 1.65-2 1,96-2 1,92-2
¢ 1.93-1  5.97-3 4.32-3  6.47-3 9.71-3 1.30-2 1.59-2 1.59-2
9 3.24-2  2,32-3  1,66-3 2.65-3 4.06-3 5.61-3 6.60-3 6,81-3
10 1.99-3  2.60-% L.71-4 3.00-4 4.65-4 T.01l-4 8.33-4 8.47-4
1 1.49-5 1.06-6 1.97-6 4.79-6 6.17-6 9.19-6 1.32-5 1.24.5

s = gurface number

At in shakes



-
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WEIGHTED GAMMA CURRENT

TABLE VIII

5.0 MeV Source

\{ 0 0+-5 5-10 10-20 20-40 40-80 B0-160 160-320
8

2 9.38-1  9.15-4 3.90-4 6.35-4 6.20-4 6,08-4 4,224 2,544
3 9.67-1 1.69-3 9.09-4 1.43-3 1.86-3 1.58-3 1.51-3 1.10-3
4 9.31-1 2.92-3 1.67-3 2.48-3 3.39-3 3.82-3 3.38-3 2.56-3
5 5,70-1  5.10-3  3,10-3 4,12-3 5,50-3 7.05-3 5.91-3 5.25-3
6 7.68-1  8.52-3  4.98-3 T.22-3 8.83-3 1.03-2 1.09-2 8.71-3
7 6.10-1 1.17-2  T7.87-3 1.02-2 1,442 1,57-2 1.51-2 1,31-2
8 4,03-1 Ll.47-2  8.72-3 1.26-2 1.67-2 1.96-2 1.91-2 1.54-2
9 1.91-1  1,26-2  7.84-3 1.12-2 L1482 1.71-2 1.66-2 1.29-2
10 4,80-2 5.96-3 3.74=3 5.57-3 7.35-3 8.27-3 7T.95-3 5.59-3
n 4,03-3 9.16-4 5.66-4 ©,96-4 1,18-3 1.32-3 1,12-3 6,854

s = Hurface Number

At in shakes
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